I
n developed countries, screening for eye diseases in preschool and schoolchildren is done routinely. In the United Kingdom, almost all children with important visual problems have been detected before school entry, 1 and by the age of 8 years only 1.7% of children have not been screened for eye diseases. 2 Eye services are easily accessible, and the majority of children with eye problems consult them without requiring referral by other health professionals. 3 However, little is known about the prevalence and public health importance of eye diseases in school age children in developing countries. No national preschool or school eye screening programme exists in Tanzania nor in most other countries in sub-Saharan Africa.
A recent eye survey in 1386 primary school children in three schools in rural Mwanza Region, Tanzania, showed a low prevalence of significant refractive errors causing visual acuity of worse than 6/12 in either eye (1.0%), of amblyopia (0.2%), and of strabismus (0.5%). 4 All pupils with significant refractive errors were myopic. Except for active trachoma, which was common in one of the primary schools (15.5%) and 5.5% overall, other eye diseases were rare. The low prevalence of significant refractive errors combined with results of other surveys in sub-Saharan Africa, 5 6 cast doubt on whether school eye screening for refractive errors in primary schools would be cost effective in rural sub-Saharan Africa.
Myopia has been associated with socioeconomic status, level and length of education, parental myopia, and the exposure to near work. 5 7-10 A higher prevalence of myopia would therefore be expected in urban African secondary school students than in rural primary school students.
The Mwanza secondary school study reported here attempted:
(1) To measure the prevalence of significant refractive errors leading to visual acuity of worse than 6/12 in either eye and of other eye diseases in secondary school students in Mwanza City (2) To evaluate factors associated with myopia in an urban population of secondary school students in Tanzania (3) To make recommendations to the Tanzanian education and health authorities on whether they should introduce an eye screening programme for secondary school students.
MATERIALS AND METHODS
Study population and study site Mwanza City is situated on the southern shore of Lake Victoria. It is the second largest city in Tanzania with an estimated 400 000 inhabitants. It has 53 secondary schools with approximately 7000 students. 11 Five schools were purposively selected of these to participate in the study. Four of the schools are private and three of these (Isamilo, Victoria, and Lake Secondary) have a relatively high intake of non-African students (Table 1) . Thaqaafa Secondary is a private school mainly attended by Africans. Mwanza Secondary is a big state run secondary school, which is nearly exclusively attended by African children and thought to be reasonably representative of urban state run secondary schools in Tanzania. All the students attending these five secondary schools were eligible to participate in the study.
Questionnaire and eye examination
The survey took place from April to May 2001. Information leaflets explaining the study procedure and its aim were distributed to all students and their parents before beginning the examination. Parents were asked to inform the head teacher and the student if they did not want their child to participate. All the students who agreed to participate had to give written consent. A detailed questionnaire in the child's preferred language (Swahili or English) was administered. The two versions of the questionnaire were subjected to repeated back translation to ensure that they were similar. The questionnaire was followed by an eye examination. The team performing the examination consisted of six trained secondary school leavers (completed sixth form), one ophthalmic nurse, one optometrist, and one ophthalmologist (SW). Research and ethics approval was obtained from the government of Tanzania through its medical research coordinating committee, and from the ethics committee of the London School of Hygiene and Tropical Medicine. Consent for the study was also obtained from the regional health and education authorities, and from the participating schools and parents.
The questionnaire contained questions about the ethnic and social background as well as detailed information about the student's exposure to near work. Questions about ethnicity also included information about the length of time that the student's paternal and maternal family had lived in Tanzania. Indicators such as parental education, occupation, and property (house, television, computer, car, etc.) were used to evaluate their socioeconomic background. Questions about the different types of near work included the number of hours they spent reading for pleasure, studying outside school hours, watching television, using a computer (work or games), and doing needlework. The students estimated the average number of hours they spent doing each of these per week (weekdays and weekend) separately for term time and holidays. When necessary, they were helped to do this by the interviewers. In addition, they were asked to estimate the number of hours they had spent doing each of these activities during the last school week. In the analysis, variables for reading for pleasure and for studying were then combined giving three times as much weight to term time as to holidays, because term time takes up approximately three quarters of the year. Watching television, working on a computer, and needlework were analysed separately, because they are usually performed at different working distances. 12 On the same day, a second interviewer (QC interview) who was not aware of the results of the first interview repeated a 10% randomly chosen sample of questionnaires. Any important discrepancies between the results of the two interviews were clarified by the ophthalmologist.
Having completed the questionnaire, the students then had their visual acuity (VA) checked by the ophthalmic nurse. Both eyes were tested separately using Snellen's E chart at 6 metres in a well lit room. A line on the chart was accepted as being read if the direction of more than half the optotypes had been identified correctly. If the VA was below 6/12 in one or both eyes, a pinhole test was performed.
Using a torch and direct ophthalmoscopy, the ophthalmologist inspected all the students' eyes for abnormalities of position and motility, the anterior segment, the optic disc, and the macula. If a diagnosis could not be established through inspection, a thorough eye examination including biomicroscopy with a portable Zeiss slit lamp, indirect ophthalmoscopy with mydriasis, and Schiøtz tonometry were performed as appropriate.
Everybody with suspected refractive errors underwent non-cycloplegic objective and subjective refraction by the optometrist. Objective refraction was done by static retinoscopy in a slightly darkened room. Results were confirmed by subjective refraction, accepting the lowest minus value leading to a measurable increase and the highest plus value not leading to a measurable decrease in VA. Astigmatism was measured using minus cylinders. The subjective refraction results were used for the analyses presented here except where this would have been unreliable-for example, due to combined pathology. In these three cases the retinoscopy results were used. Spectacles and any treatment needed were provided free of charge.
Statistical methods
All data were double entered on to computers by two data entry clerks and checked for discrepancies to minimise data entry errors. Range and consistency checks were performed on all data. DBASE 4 (Borland International, Scotts Valley, CA, USA), STATA 6.0, and STATA 7.0 (Stata Corporation, College Station, TX, USA) were used for data entry and analysis.
Prevalence was calculated for each of the eye disorders. Relations between myopia and potential risk factors were measured using prevalence ratios. Means and medians were calculated for continuous variables. Logistic regression was used to identify independent risk factors for myopia. Odds ratios (OR) and 95% confidence intervals (95% CI) were calculated for risk factors that were independently associated with myopia in this population.
RESULTS

Study population
Out of the 2810 secondary school students who were eligible to participate in the study, 2511 students (89.4%) were screened for eye diseases, 262 students (9.3%) were absent, and 37 students (1.3%) refused to participate. The proportion of students who were not examined ranged from 3.6% to 13.7% by school (Table 1) . Fifty nine per cent of the students examined were male. Their ages ranged from 11 to 27 years, with the great majority of students between 14 and 19 years (84.0%) ( Table 1 ). Ninety per cent of the students examined were Africans and for 98% of the African students both of their parents originated from Tanzania. Of the 253 nonAfrican students, more than half (141) were Asians, 40 were Arabs, four were white, and 68 of mixed ethnicity. Most of their families had been living in Africa for at least two generations (50 years). This was the case for 80.1% (113/141) of the Asians, 95% of the Arabs, and 100% of the mixed students. Almost half of the students (45.5%) attended Mwanza Secondary School (Table 1) .
Information about sex and ethnicity was available for all the 299 students who were not examined and data on age were available for 246 of them (82%). Missing students were more likely to be male (74% v. 59%, p<0.001; two sample test of proportions) and African (97% v 90%, p<0.001), and, on average, were older than participants (>17 years: 207/246 = 84.1% v 1090/2511= 43.4%; p<0.001; two sample test of proportions).
Prevalence of eye diseases
Except in four students, all those with poor visual acuity without an obvious cause had both objective and subjective refraction performed. In three students subjective refraction was unlikely to be valid because they had refractive errors combined with other pathology. In these students the retinoscopy results were used. In one myopic student, only subjective refraction was performed. Agreement between objective and subjective refraction was excellent. Ninety six per cent of spherical values obtained by subjective refraction were within plus or minus 0.25 dioptres of the objective findings, and none was more than 0.5 dioptres different. No student was classified as myopic by objective refraction and non-myopic by subjective refraction or vice versa.
Poor eyesight, defined as uncorrected unilateral or bilateral visual acuity (VA) of worse than 6/12 was present in 174/2511 (6.9%) students. Five per cent of students had bilateral poor eyesight and 2% had unilateral poor eyesight (Table 2) . Three students had severe visual impairment (uncorrected VA <6/60 in the better eye). The main cause of poor eyesight was significant refractive error with a prevalence of 6.1%, being responsible for 88.5% of all causes of poor eyesight ( Table 2 ). The majority of students with refractive errors were myopic (141/154, 91.6%). The prevalence of significant myopia was 5.6%. Astigmatism was also present in 49 of the 141 myopic students (34.8%). The three students with severe visual impairment were all myopic. Hyperopia and astigmatism alone causing poor eyesight (VA<6/12) were both rare (0.4% and 0.1%, respectively), as were other non-refractive causes of poor eyesight (0.8%). Strabismus (0.2%) and amblyopia (0.4%) were rare ( Table 2) .
Other eye diseases that did not cause poor eyesight were also rare: eight students had disorders of the lids or conjunctiva (stye (two), vernal keratoconjunctivitis (two), bacterial conjunctivitis (one); corneal foreign body (one), pterygium (two)), and two students had abnormalities of the iris (iris coloboma (one), iris tumour (one)).
Significant myopia: associations with age, sex, ethnicity, and socioeconomic factors Significant myopia (causing unilateral or bilateral VA<6/12) was commoner in students who were female (PR: 1.59, p=0.004), in the youngest age group of 11-13 years (PR: 2.71, p<0.001), non-African (PR: 2.84, p<0.001), whose father had post-secondary education (PR: 1.56, p=0.009), and who had a family history of sibling(s) wearing spectacles (PR:1.70, p=0.002) ( Table 3 ). These five risk factors all remained significant in a multivariate analysis ( Table 4) that included all risk factors that were significantly associated with myopia (p<0.05) in the univariate analysis, except for use of spectacles as this is more likely to be a consequence of the refractive error than the cause of it. Father's and mother's occupation, mother's education, both parents speaking English, ownership or use of various high status possessions, type of housing, and exposure to near work were all significantly associated in the univariate *One student had bilateral myopia and optic atrophy and has been included under both conditions, but only once in the total. †These individuals are also included under the appropriate refractive error, but only once in the total. ‡Percentage of all students (n = 2511). analysis (Table 3) , but were not significant after adjusting for other risk factors in the multivariate analysis.
Significant myopia: associations with near work On average, myopic students were slightly younger when they first learned to read (6.6 years compared to 6.9 years, p=0.012; two sample t test with equal variances).
Except for one variable (hours of reading for pleasure during the last week; p=0.068), the amounts of near work claimed by Africans and non-Africans were significantly different (p:0.013 to <0.001; Wilcoxon's rank sum test). The association between myopia and near work was therefore analysed separately for Africans and non-Africans (Table 5) .
In African students, the repeatability of the near work questions in the quality control questionnaires ranged from poor to good (Table 5 ). African students reported spending an average of 2.3 hours per week reading for pleasure and 18.5 hours studying outside school hours. The hours of near work reported per week (reading for pleasure, studying outside school hours, watching television, working on a computer, sewing) were not significantly different in myopes and non-myopes. In Non-African students, the repeatability of the near work questions in the quality control questionnaires was generally higher than in Africans and ranged from fair to very good (Table  5) . Non-African students reported spending an average of 3.3 hours per week reading for pleasure and 12.0 hours studying outside school hours. Myopic students reported spending 2.5 hours per week more reading for pleasure than non-myopic students (p=0.017). Hours spent studying, watching television, working or playing on a computer, or doing needlework were similar in myopes and non-myopes (Table 5) .
Eye consultations and spectacles
Only 543/2511 (21.6%) of students reported having had an eye examination in the past. Eye consultations were reported more often by non-African (47.4%) than by African students (18.7%) (p<0.001; two sample test of proportions). Almost half of the students with unilateral or bilateral poor eyesight reported that they had never seen an eye professional before (82/174= 47.1%).
Five per cent (126/2511) of students were wearing spectacles when they attended the survey. Of the students with spectacles, about one third (47/126=37.3%) had significant refractive errors with VA<6/12 and about half (62/ 126=49.2%) had bilateral visual acuity of 6/6 or 6/9. Only 30.5% (47/154) of significant refractive errors were corrected. Only two of the three students with severe visual impairment had spectacles before the survey.
DISCUSSION
Significant refractive errors
By far the commonest eye problem found in secondary school students in Mwanza City was significant refractive error leading to unilateral or bilateral visual acuity (VA) of worse than 6/12 with a prevalence of 6.1%. Myopia was responsible for 92% of all significant refractive errors. Since this study used VA of less than 6/12 as a referral criterion for further refraction, lower degrees of hyperopia would have gone undetected. As in primary school students in rural Mwanza Region, strabismus and amblyopia were uncommon. 4 Many studies have reported the prevalence of refractive errors in children and adolescents of school age. 4 6 14-29 However, many of these studies' results are not directly comparable with the current study, as they were population based, [14] [15] [16] [17] [18] [19] [20] were conducted on primary school students, 4-6 21-23 or included both primary and secondary school students. 24 Since the prevalence of myopia increases with education, 8 14-16 direct comparisons should only be made with studies of secondary school students.
The published information on refractive errors in secondary school students shows a wide range of prevalence. This study's prevalence of 6.1% for significant refractive errors (VA<6/12) and 5.6% for significant myopia is towards the lower end of the reported range. [25] [26] [27] [28] However, it was considerably higher than in the only other reported sub-Saharan African study of secondary school students in Kaduna, Nigeria, which reported a prevalence of 2.4% for refractive errors of any degree. 25 In Mwanza Region of Tanzania, the prevalence of myopia in urban secondary school students was 5.6 times higher than in rural primary schools (5.6% v 1.0%). 4 Even if non-Africans are excluded from the analysis, African secondary school students still had a prevalence of 4.7% (v 1.0%). Since the methodology was the same in both surveys, higher level of education but also differences between rural and urban populations (for example, socioeconomic status, exposure to near work) may be responsible for the difference in myopia prevalence. A study in Nepal found that in children with similar genetic backgrounds, Sherpa children who led a rural lifestyle had a prevalence of myopia of only 2.9% compared with 21.7% for Tibetan children who led an urban lifestyle, including more rigorous schooling. 29 Risk factors for myopia In this study, the factors that were found to be independently and significantly associated with myopia were female sex, young age, non-African ethnic origin, higher father's education, and having a history of siblings wearing spectacles (Table 4) . These were similar to factors that have been reported to increase the risk of myopia in white and Asian populations. 30 Only students with visual acuity of less than 6/12 were refracted. Because children with low degrees of myopia were not refracted and have been included in the "non-myopic" group in the risk factor analysis, this may have decreased the strength of the observed association between risk factors and myopia.
Studies on different ethnic groups living in the same environment in Singapore and Hawaii showed considerable variations in the prevalence of myopia. 14 31 In the current study in Mwanza, Tanzanian south Asians were 3.6 times more likely to be myopic than Tanzanian Africans (p<0.001, Table 3 ). In the early 1960s, McLaren and colleagues also reported that the prevalence of myopia in the urban south Asian students aged 7-14 years was higher than in rural African students aged 8-14 years. 21 23 Unfortunately, it is difficult to compare the results from the current study with those of the earlier studies in Mwanza, because different methodologies were used.
Myopia was more common in girls and in children aged 11-13 years (p=0.024 and p=0.049, Table 4 ). Female sex was found to be a risk factor in some other studies 10 20 but most studies found no difference between boys and girls. 5 9 18 19 32 33 The most likely explanation for the higher prevalence of myopia in children aged 11-13 years was confounding by ethnicity, socioeconomic status, and intelligence, since these children were considerably younger than the minimum age of 14 years for school enrolment in Tanzanian government secondary schools 34 and nearly half of these children were non-Asians (78/185, 42.2%) compared to 10.1% in the total study population (p<0.001; two sample test of proportions). However, the possibility cannot be excluded that the lower prevalence in older age groups was the result of uncorrected significant myopia that had caused myopic students to leave school as a result of underachievement.
Studies in China and North America have suggested that juvenile onset myopia may be inherited as a complex trait involving genetic and environmental factors. [35] [36] [37] If true, myopia should cluster in families. In our population, myopia was more common in students who had siblings with spectacles (p=0.04). In the United Kingdom, myopia was found to be more prevalent in non-manual families. 33 This matches the finding that the Mwanza students whose father had postsecondary education were more likely to be myopic (p=0.01).
Near work has been shown to be associated with myopia in several populations worldwide. 9 27 38 In our study, no significant difference was found between myopes and non-myopes in reported hours of near work, except for reading for pleasure in non-Africans where myopes read on average 2.5 hours more per week (Table 5 ). Even this association was no longer statistically significant after adjusting for the other independent risk factors. The average hours that non-African students reported that they spent studying, reading for pleasure, watching television, and using a computer were fairly similar to those reported by 791 American children enrolled in the Orinda Longitudinal Study of Myopia. 39 On average, African students reported spending a considerably longer time studying (20 hours per week) than non-African students (13 hours per week). However, many students, especially Africans, appeared to have great difficulty calculating the number of hours spent studying. The levels of agreement between the original and the quality control questionnaire for the various measures of near work were mainly in the fair or moderate range (Table 5 ). This casts doubt on the validity of this information in Africans, and may explain the lack of association between near work and myopia among the African students.
Even though this study tried to adjust for known socioeconomic factors in the multivariate analysis, residual confounding cannot be excluded. All the risk factors for myopia that remained significant in the multivariate analysis were related to higher socioeconomic background. For example, fewer girls than boys reach secondary school, and most who do so are from relatively rich families.
CONCLUSIONS
In secondary school students in Mwanza City, the overall prevalence of significant refractive errors (with VA worse than 6/12) was 6.1%. With best correction, eyesight improved in at least one eye to 6/12 or better in 97% of students. Even though eye services are relatively widely available in Mwanza City and spectacles are affordable to most secondary school students, only one fifth of students had consulted an eye professional in the past and only one third of the students needing spectacles had them. Thus, the prevalence of uncorrected significant refractive errors was 4.2%. As found in a British study in children under 8 years of age, improvement in vision did not seem to be the only, or even the main, reason for students buying spectacles; for example, half of the students wearing spectacles had uncorrected bilateral VA of 6/6 or 6/9. 40 Spectacles were very popular with students, as long as the frames were fashionable. Given the high prevalence of significant refractive errors, the accessibility of most secondary schools which are mainly situated in urban centres, and the acceptability and affordability of spectacles among secondary school students, an eye screening programme for significant refractive errors is indicated in this population. Furthermore, regular eye screening would also lead to increased awareness of myopia in school age children and may increase the proportion of children seeking care appropriately. A survey of refractive errors in urban primary schools would determine whether the prevalence of myopia is high enough to justify their inclusion in a screening programme.
The great majority of significant refractive errors were due to myopia, with a prevalence of 5.6%. Risk factors for myopia in this Tanzanian secondary school population are similar to these reported in European, North American, and Asian populations-namely, education, Asian ethnicity, family history of myopia, and father's education. An association with near work could not be shown but many students struggled to estimate the number of hours they spent on near work. Alternative methods for assessing the hours of near work, such as the use of diaries, should be considered in future studies in similar populations. 
